Confocal microwave technology is explored as a screening tool to detect regions of dielectric contrast of breast tissues. When exposed to microwaves, malignant breast tissues exhibit electrical properties that are significantly different from that of healthy breast tissues. In vitro studies of normal and cancerous breast tissues are performed using a prototype of confocal microwave imaging. Experimentally obtained time domain results are substantiated by finite difference time domain analysis and good agreement is reported. Distance to the region of dielectric contrast is computed accurately using these results.
I. INTRODUCTION
Versions of video pulse radars were introduced for medical applications as a means to detect malignancy in internal biological tissues [1] . Confocal microwave technology (CMT) employing short pulse, wide band pass, backscattering technique, is proposed for early detection of breast cancer [2] . In contrast to X-ray mammography, the non-ionizing CMT exploits the translucent nature of the breast and obtains a large dielectric contrast of the tissues according to their water content. Moreover CMT avoids complex image reconstruction algorithms. This paper presents the application of pulsed CMT for the detection of regions of dielectric contrast of in-vitro breast tissues.
II. METHODOLOGY
Samples of breast tissues of the same person are collected and are subjected to study within 30 minutes of mastectomy. The samples studied are -1) Normal breast tissue. 2) Cancerous breast tissue. 3) Cancerous breast tissue of radius ~ 0.25 cm. inserted in normal breast tissue. For the study, sample is enclosed in cylindrical low loss polythene holder ( tan = 0.0002 and r = 2.1, when measured at 3 GHz) of radius 1 cm. and is suspended at a distance of 6 cm. from the face of the antenna. To acquire data, the tissue sample is illuminated by coplanar strip line fed wide band bowtie antenna having 2:1 VSWR bandwidth of 46 % in the operational band of 1850 -3425 MHz [3] , and the same antenna collects the back-scattered waves. The antenna as well as the sample are immersed in corn syrup which serves as matching coupling medium [4] . The antenna is rotated around the sample at a radius of 6 cm and measurements are taken for every 10 0 position of the antenna. A time-shift-and-add algorithm is applied to the set of recorded pulses to enhance the returns from high contrast regions and reduce clutter. This involves computing the time delay for the roundtrip between each antenna position to a point in the domain of interest, then adding the corresponding portions of the time signals recorded at each antenna position.
To validate the experimental investigation, the theoretical analysis is done using finite difference time domain (FDTD) method. The dispersive nature of the dielectric medium is incorporated in the constitutive FDTD equations using first order Debye dispersion relation [5] . The computational domain is discretized as 120 x 120 Yee cells. A Gaussian pulse of half width T as 18 ps and time delay t o of 54 ps is selected as the source of excitation. Space step of 1 mm and time step of 6.05 ps are chosen to ensure propagation of the waves in the entire domain. Mur's second order absorbing boundary conditions are applied to terminate the FDTD grid. It is observed that regions of dielectric contrast of breast tissue samples are satisfactorily detected using CMT. The distance to the point of dielectric contrast from the face of the antenna is computed from the figures using the equation for velocity of propagation given as
III. NUMERICAL AND EXPERIMENTAL RESULTS
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where r c v (2) d is the distance, t is the time taken for propagation, r is the dielectric permittivity of the medium and c is the velocity of light. For this calculation, dielectric parameters of the medium and tissue samples are measured using cavity perturbation technique [6] at 2.983 GHz, which is the resonant frequency of the S-band cavity; and are reported in Table 1 . The estimated distance to the region of dielectric contrast is reported in Table 2 . Table 2 . Comparison of the actual and measured distance to the region of dielectric contrast
IV. CONCLUSIONS
Confocal microwave technique is proposed as a successful alternative for the detection of dielectric contrast of breast tissues. Location of the tumor could be satisfactorily estimated by this technique.
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